Differential scanning calorimetric, circular dichroism, and Fourier transform infrared spectroscopic characterization of the thermal unfolding of xylanase A from Streptomyces lividans.
The thermal unfolding of xylanase A from Streptomyces lividans, and of its isolated substrate binding and catalytic domains, was studied by differential scanning calorimetry and Fourier transform infrared and circular dichroism spectroscopy. Our calorimetric studies show that the thermal denaturation of the intact enzyme is a complex process consisting of two endothermic events centered near 57 and 64 degrees C and an exothermic event centered near 75 degrees C, all of which overlap slightly on the temperature scale. A comparison of the data obtained with the intact enzyme and isolated substrate binding and catalytic domains indicate that the lower- and higher-temperature endothermic events are attributable to the thermal unfolding of the xylan binding and catalytic domains, respectively, whereas the higher-temperature exothermic event arises from the aggregation and precipitation of the denatured catalytic domain. Moreover, the thermal unfolding of the two domains of the native enzyme are thermodynamically independent and differentially sensitive to pH. The unfolding of the substrate binding domain is a reversible two-state process and, under appropriate conditions, the refolding of this domain to its native conformation can occur. In contrast, the unfolding of the catalytic domain is a more complex process in which two subdomains unfold independently over a similar temperature range. Also, the unfolding of the catalytic domain leads to aggregation and precipitation, which effectively precludes the refolding of the protein to its native conformation. These observations are compatible with the results of our spectroscopic studies, which show that the catalytic and substrate binding domains of the enzyme are structurally dissimilar and that their native conformations are unaffected by their association in the intact enzyme. Thus, the calorimetric and spectroscopic data demonstrate that the S. lividans xylanase A consists of structurally dissimilar catalytic and substrate binding domains that, although covalently linked, undergo essentially independent thermal denaturation. These observations provide valuable new insights into the structure and thermal stability of this enzyme and should assist our efforts at engineering xylanases that are more thermally robust and otherwise better suited for industrial applications.